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The NMR structures of the recombinant human prion protein,
hPrP(23–230), and two C-terminal fragments, hPrP(90–230) and
hPrP(121–230), include a globular domain extending from residues
125–228, for which a detailed structure was obtained, and an
N-terminal flexibly disordered ‘‘tail.’’ The globular domain contains
three a-helices comprising the residues 144–154, 173–194, and
200–228 and a short anti-parallel b-sheet comprising the residues
128–131 and 161–164. Within the globular domain, three polypep-
tide segments show increased structural disorder: i.e., a loop of
residues 167–171, the residues 187–194 at the end of helix 2, and
the residues 219–228 in the C-terminal part of helix 3. The local
conformational state of the polypeptide segments 187–193 in helix
2 and 219–226 in helix 3 is measurably influenced by the length of
the N-terminal tail, with the helical states being most highly
populated in hPrP(23–230). When compared with the previously
reported structures of the murine and Syrian hamster prion pro-
teins, the length of helix 3 coincides more closely with that in the
Syrian hamster protein whereas the disordered loop 167–171 is
shared with murine PrP. These species variations of local structure
are in a surface area of the cellular form of PrP that has previously
been implicated in intermolecular interactions related both to the
species barrier for infectious transmission of prion disease and to
immune reactions.

Prion proteins (PrP) are associated with transmissible spon-
giform encephalopathies (TSE), which are invariably fatal

diseases characterized by loss of motor control, dementia, and
paralysis wasting (1, 2). Human TSEs include Creutzfeldt-Jakob
disease, fatal familial insomnia, the Gerstmann-Sträussler-
Scheinker syndrome, and kuru, and there is bovine spongiform
encephalopathy in cattle and scrapie in sheep. The ‘‘protein-
only’’ hypothesis (3, 4) proposes that TSEs are caused by the
conversion of a ubiquitous ‘‘cellular form’’ of PrP (PrPC) into an
aggregated ‘‘scrapie form’’ (PrPSc). According to this model, the
prion protein (PrP) would at the same time be target and
infectious agent in TSEs, which could explain that this class of
diseases can be traced to infectious, inherited, and spontaneous
origins (2, 5). PrPSc is characterized by a high b-sheet content,
insolubility in detergents, and resistance to proteolysis in its
aggregated form (6–8) whereas PrPC is a soluble protein with a
high content of a-helices (8, 9) and high susceptibility to
proteolytic digestion. No chemical modifications have as yet
been identified by which the two PrP forms would differ (10).

Considering that the protein-only hypothesis suggests a change
of protein conformation as a possible cause of the onset of TSEs,
the three-dimensional prion protein structures have attracted
keen interest. So far, nuclear magnetic resonance (NMR) solu-
tion studies have been described for monomeric, cellular forms
of PrP of the two most widely used laboratory animals in prion
research, the mouse (m) and the Syrian hamster (sh), using the
constructs mPrP(121–231) (9, 11), shPrP(90–231) (12, 13),
mPrP(23–231) (14, 15), and shPrP(29–231) (16). Both of these
prion proteins contain a globular domain that extends approx-
imately from residues 125–228 and an N-terminal f lexibly dis-
ordered ‘‘tail’’ (14–16). The globular domain contains a two-
stranded anti-parallel b-sheet and three a-helices (9). In the
shPrP structure, the third helix extends from residues 200–227
(13) whereas the corresponding helix in mPrP is well defined only

up to residue 219 (11), and the loop of residues 167–171 between
the second b-strand and helix 2, which is poorly defined in mPrP
(9, 11), was reported to be well defined in shPrP (13).

The extensive sequence homology (17) indicates that the
mammalian prion proteins should all have a common polypep-
tide fold. Nonetheless, in view of the high profile of the problems
raised, we determined the NMR structures of the intact recom-
binant human prion protein, hPrP(23–230), and the two C-
terminal fragments hPrP(90–230) and hPrP(121–230) to provide
a direct basis for future structure–function arguments on hPrP.
Special interest in this investigation focused on the molecular
regions that showed differences between mPrP and shPrP, i.e.,
the loop 167–171 and helix 3, because these structure elements
have been implicated in immune reactions of PrP (18) as well as
in species-specific contacts with a so-far not-further-
characterized ‘‘protein X,’’ which has been suggested to mediate
the transition from PrPC to PrPSc (19–22).

Materials and Methods
For the cloning of the recombinant human PrP polypeptides, we
followed a previously described strategy (23) in which an Esch-
erichia coli expression plasmid codes for a 17-aa N-terminal
histidine tail that contains an engineered thrombin cleavage site
(24). Compared with the previous protocol (23), some modifi-
cations were introduced in the purification procedure: the
expression of prion protein in Luria broth medium was induced
at 30°C and at an OD600 of 0.6–1.0; the soluble protein fraction
obtained after harvesting was added to 20 ml of nickel-
nitrilotriacetic acid agarose resin and was stirred for 1 h at room
temperature; to prevent unspecific nitrilotriacetic acid-binding
of proteins devoid of histidine tails, 5 mM imidazole was added
to the buffers during the purification of hPrP(121–230) and
hPrP(90–230), and 10 mM imidazole for hPrP(23–230); oxida-
tive refolding and imidazole elution were repeated up to five
times to obtain additional batches of soluble prion protein, where
each cycle was followed by a 40-ml washing step; the thrombin
cleavage reaction was carried out at room temperature overnight
in 5 mM TriszHCl buffer at pH 8.3; the thrombin concentration
was 1 unitymmol of protein for hPrP(23–230) and hPrP(90–230),
and 2 or 3 unitsymmol of protein for hPrP(121–230); the pH of
the buffer solution during anionycation exchange was adjusted
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so that it was 1.3 units aboveybelow the isoelectric point of the
respective protein.

Concentrated protein solutions for NMR spectroscopy were
obtained by using Ultrafree-15 Centrifugal Filter Devices (Mil-
lipore). The Bruker (Fällanden, Switzerland) DRX 600 and
DRX 750 spectrometers used for this study are equipped with
5-mm z-axis gradientytriple-resonance probeheads. All nuclear
Overhauser enhancement (NOE) data were recorded at 750
MHz, the other experiments at 600 MHz. The 1H, 15N, and 13C
chemical shifts are relative to 2,2-dimethyl-2-silapentane-5-
sulfonate, sodium salt. For data processing and spectral analysis,
we used the programs PROSA (25) and XEASY (26), respectively.

Hydrogen–deuterium exchange rates of amide protons were
obtained by measuring a series of two-dimensional [15N,1H]-
correlation spectroscopy spectra immediately after dissolving
the lyophilized protein in D2O buffer. Each experiment was
recorded for 15 min, and the study was pursued for 3 days. The
decay curves of the volume integrals of the cross peaks were
fitted to single exponential decays. Protection factors were
calculated, taking into account the sequence effects on the
random coil exchange rates (27).

Steady-state 15N{1H}-NOEs were measured following ref. 28,
with a recovery delay of 3 s and a proton saturation period of 3 s,
which was achieved by applying a cascade of 120-degree pulses
in 10-ms intervals. The reference spectrum was recorded with a
recovery delay of 6 s. The pulse sequence used for measurements
of T1 of 15N has been adapted from ref. 29 by replacing the
1HN-selective 180-degree pulses during the 15N relaxation delay
by 180-degree hard pulses to minimize the influence of the 1H
carrier position on the suppression of the cross-correlation
between 1H–15N dipolar interaction and 15N chemical shift
anisotropy (30). The T1 relaxation delays were 31, 65, 102, 144,
190, 242, 302, 373, 460, 573, 731, 1,002, and 1,950 ms. Measure-
ment of T1r of 15N was based on ref. 31, using a continuous
spin-lock with a power of 1.45 kHz to suppress the line broad-
ening contributions from chemical or conformational exchange
(32), and a cascade of 180-degree 1H hard pulses with a 2-ms
interval to suppress the cross-correlation between 1H–15N dipo-
lar interaction and 15N chemical shift anisotropy (30). The
relaxation delays used were 7, 15, 24, 33, 44, 56, 70, 86, 106, 132,
168, 231, and 450 ms. For all relaxation measurements, we used
t1,max 5 87.7 ms, t2,max 5 142.5 ms, and a time domain data size
of 128 3 1,024 complex points, and the data were analyzed with
the program DASHA (33).

For the structure determination of the polypeptide segment
121–230 in all three hPrP polypeptides, we used the tools of the
program DYANA (34), and in particular the module FOUND was
used to evaluate constraints on the torsion angles (35). The
DYANA conformers used to represent the NMR structure were
refined with the program OPAL (36), using the AMBER force field
(37), and were analyzed with the program MOLMOL (38).

Results and Discussion
The following hPrP polypeptides were prepared for the present
study: unlabeled, uniformly 15N-labeled, uniformly 13Cy15N-
labeled and 10% 13C-labeled hPrP(23–230), unlabeled, uni-
formly 15N-labeled and uniformly 13Cy15N-labeled hPrP(90–
230) and hPrP(121–230). This array of constructs enabled NMR
structure determinations of the three proteins and investigations
of possible influences of the overall chain length on the three-
dimensional structure. The NMR measurements were all re-
corded in 1–2 mM protein solutions in 90% H2Oy10% D2O or
99.9% D2O containing 10 mM sodium acetate and 0.05% sodium
azide at pH 4.5 and 20°C.

The NMR structure of the intact recombinant human prion
protein, hPrP(23–230), contains a globular domain that extends
approximately from residues 125–228, a flexibly extended N-
terminal tail of residues 23–124, and a short f lexible chain end

of residues 229–230 (Fig. 1a), which is similar to the previously
described structure of mPrP(23–231) (14, 15) and the charac-
terization of shPrP(29–231) (16). These global features are
qualitatively manifested in the small dispersion of the 1H chem-
ical shifts and negative values of the 15N{1H}-NOEs for the
residues 23–124, as described in detail for mPrP(23–231) (14),
which contrasts with the fact that the corresponding parameters
for the residues 125–228 have typical values for a globular
protein of the size of hPrP(23–230). In the remainder of this
paper, we focus on the structure of the globular domain in the
aforementioned constructs, and on comparisons with the glob-
ular domains of mPrP and shPrP.

A superposition for best fit of the backbone atoms N, Ca and
C9 of residues 125–228 of hPrP(23–230), hPrP(90–230), and
hPrP(121–230) (Fig. 2) shows that the three-dimensional struc-
ture of the domain in the intact protein is very similar to that in
the two C-terminal fragments. The regular secondary structure
elements coincide identically in the three structures, with the
residues 128–131 forming the b-strand 1, 144–154 the a-helix 1,
161–164 the b-strand 2, 173–194 the a-helix 2, and 200–228 the
a-helix 3. As in mPrP(121–231) (11), there is a hydrogen bond
from the amide proton of Met134 to the carbonyl oxygen of
Asn159, which is reminiscent of an irregular, b-bulge-type
elongation of the b-sheet toward the helix 1. The three proteins
have nearly identical side chain conformations of the hydropho-
bic amino acids and the single disulfide bond Cys179–Cys214 (in
Fig. 1b, only the all-atom presentation of one protein is shown,
to prevent overcrowding.) In all three proteins, most of the
regular secondary structures are well defined, with small back-
bone displacements. Increased disorder is seen in the loop of
residues 167–171 between b-strand 2 and helix 2, at the end of
helix 2 and the following loop, and for the last two turns of helix
3 (Fig. 2).

Resonance Assignments and Structure Determination. For the reso-
nance assignments of the residues 121–230, which include the
globular domain, we followed the standard triple-resonance
strategy for 13C,15N-labeled proteins (40). For all three proteins,
nearly complete assignments were obtained for the polypeptide
backbone and the aliphatic CHn groups of the amino acid side
chains, exceptions being the backbone amide protons of Tyr169,
Ser170, Asn171, and Phe175, Ha and Hb of Tyr169 and Phe175,
and Hg of Glu168. These resonances were not observed in any
of the three polypeptides, presumably because of line broadening
attributable to slow conformational exchange. The Xxx–Pro
peptide bonds with the prolines 137, 158, and 165 are in the
trans-conformation, as evidenced by the observation of strong
dad NOEs (41). The sequence-specific assignments were inde-
pendently confirmed by sequential and medium-range NOEs
(41). At least one heteronuclear sequential scalar connectivity or
a sequential NOE has been observed for each pair of neighbor-
ing residues, except for 168–169, 169–170, 170–171, and 174–
175.

The methyl groups of the nine Val and two Leu were
stereospecifically assigned with the use of biosynthetically di-
rected fractional 13C labeling (42, 43). In the course of the
structure calculations for hPrP(23–230), hPrP(90–230), and
hPrP(121–230), additional stereospecific assignments were ob-
tained for 31 bCH2, 32 gCH2, and 27 dCH2 groups, using the
programs FOUND (35) and GLOMSA (44) implemented in the
DYANA package (34).

Complete assignments were obtained for the 1H and 13C
resonances of the 11 Tyr, 3 Phe, and 4 His rings, except for the
«CH groups of His155 and His187, where the NOEs between the
rings and the aCH–bCH2 moieties could not be detected.
Among the labile side chain protons, the amide groups of all
seven Asn and Gln residues and the «-proton resonances of the
eight Arg residues were assigned by intraresidual NOEs (41). Of
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the side chain hydroxyl protons of Ser, Thr, and Tyr, only the
resonance of Thr183 could be observed and assigned.

Except for the central three octapeptide repeats, nearly com-
plete resonance assignments were obtained for the residues
23–120 in the flexible tail of hPrP(23–230). Nonstandard ap-
proaches were applied, which have been described in detail
elsewhere (45). The chemical shift lists for the three proteins
have been deposited with the Biological Magnetic Resonance
Bank, files 4402, 4434, and 4379.

In each of the three proteins, '2,500 NOE cross-peaks were
assigned for the polypeptide segment of residues 121–230 and
were used for the generation of the input of upper-limit distance
constraints for the structure calculation. As supplementary
conformational constraints, all residues with 13Ca chemical shifts
deviating from the random coil values by more than 1.5 parts per
million were subjected to the following bounds of torsion angles:
2120° , F , 220° and 2100° , C , 0° for deviations .1.5 parts
per million; 2200° , F , 280° and 40° , C , 220° for

deviations , 21.5 parts per million (46). Using these constraints
together with the intraresidual and sequential NOE distance
constraints as input, the program FOUND (35) yielded constraints
on the dihedral angles f, c, x1, and x2. Three upper and three
lower distance limits were used to enforce the disulfide bond
Cys179–Cys214 (47). For each of the three constructs, the input
for the final structure calculations for the segment 121–230
contained '1,700 NOE upper distances limits and '440 dihe-
dral angle constrains (Table 1). The final DYANA calculation was
performed with 100 randomized starting structures, and the 20
best DYANA conformers, which are used to represent the NMR
structure, were further energy-refined with the program OPAL.
The high quality of the structure determinations is reflected by
the average global rms deviation values relative to the mean
coordinates of 0.7–0.8 Å for the backbone of residues 125–228,
and 1.1–1.2 Å for all heavy atoms of the same polypeptide
segment. For each of the three hPrP polypeptides, the atomic
coordinates of the bundle of 20 conformers and of the best

Fig. 1. (a) Cartoon of the three-dimensional structure of the intact human prion protein, hPrP(23–230). The helices are orange, the b-strands cyan, the segments
with nonregular secondary structure within the C-terminal domain yellow, and the flexibly disordered ‘‘tail’’ of residues 23–121 is represented by yellow dots.
(b) Stereoview of an all-heavy atom presentation of the globular domain, with residues 125–228, in hPrP(23–230) in the same orientation as in a. The backbone
is shown as a gray spline function through the Ca positions, hydrophobic side chains are yellow, and polar and charged side chains are orange. The figures were
prepared with the program MOLMOL (38).
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conformer have been deposited with the Protein Data Bank,
accession codes 1QLX, 1QLZ, 1QM0, 1QM1, 1QM2, and
1QM3.

Conformational Equilibria in the Globular Domain of hPrP. In the
preceding sections of the text, in Table 1, and in Figs. 1 and 2,
we evaluated the data on the globular domain in hPrP that are
obtained with the standard protocol for NMR structure deter-

mination and that correspond to a static description of the
molecule as it would, in a qualitative sense, also be obtained by
x-ray crystallography (48). Here, we now make further use of the
fact that some of the NMR parameters collected during the
structure determination undergo different spatial and temporal
averaging in a dynamic molecular structure, and that additional
NMR experiments can provide supplementary data on confor-
mational equilibria and on the rate processes that lead to
transitions between the equilibrium states. The focus of the
discussion is on the polypeptide segments that show reduced
precision of the structure determination: i.e., the C-terminal
parts of the helices 2 and 3, and the loop of residues 167–171
between the b-strand 2 and the helix 2.

In an a-helix, the medium-range NOE distance constraints
daN (i, i 1 3), daN (i, i 1 4), and dab (i, i 1 3) have a dominant
weight in the structure calculation (41). Because of the depen-
dence of the NOE intensity on the inverse sixth power of the
distance d, only the folded forms of a polypeptide, with short
values of d, contribute significantly to the NOE, so that even in
the presence of conformational equilibria only one structure
type is usually obtained in a standard structure determination
(41). In contrast, the differences between observed and random
coil 13Ca chemical shifts, Dd(13Ca), are qualitatively related to
the population of regular secondary structures (46, 49, 50). The
Fig. 3b shows that, although for all 13Ca atoms located within the
a-helices the resonances are shifted downfield relative to the
random coil shifts, the smaller values of Dd(13Ca) for all residues
in the C-terminal two turns of the helices 2 and 3 indicate that,
in these segments, the a-helical structure is in equilibrium with
unfolded forms of the polypeptide. This conclusion from the
13Ca shifts coincides with the amide proton exchange rates
measured by using two-dimensional [15N,1H]-correlation spec-
troscopy (Fig. 3a). Most of the amide protons in the hydrogen
bonds of the regular secondary structures are measurably pro-
tected against exchange, the exceptions being residues 187–194
in helix 2 and residues 225–228 in helix 3. In helix 3, one observes
further a gradual decrease in amide proton protection from
residues 219–224.

Fig. 2. Comparison of the mean NMR structures of the polypeptide segments
with residues 125 to 228 in hPrP(23–230) (green), hPrP(90–230) (orange), and
hPrP(121–230) (violet). A spline function was drawn through the Ca positions.
The variable radius of the cylindrical rods is proportional to the mean global
backbone displacement per residue (39), as evaluated after superposition for
best fit of the atoms N, Ca, and C9 of the residues 125–228 in the 20 energy-
minimized conformers used to represent the solution structure.

Table 1. Collection of the input for the structure calculation and characterization of the energy-minimized NMR
structures of the polypeptide segment 121–230 in different human PrP constructs

Quantity* hPrP(23–230) hPrP(90–230) hPrP(121–230)

NOE upper distance limits 1,732 1,705 1,752
Dihedral angle constraints 429 453 436
Residual target function value, Å2 0.25 6 0.06 0.34 6 0.08 0.39 6 0.05
Residual distance constraint violations

Number $ 0.1, Å 0.3 6 0.5 0.7 6 0.9 0.1 6 0.3
Maximum, Å 0.10 6 0.01 0.11 6 0.01 0.10 6 0.00

Residual dihedral angle constraint violations
Number $ 2.0 degrees 1.8 6 1.0 1.5 6 1.0 5.6 6 2.0
Maximum, degrees 2.9 6 0.8 3.0 6 1.2 3.7 6 0.9

AMBER energies, kcalymol
Total 24824 6 85 24533 6 79 24698 6 83
Van der Waals 2352 6 16 2315 6 15 2325 6 16
Electrostatic 25398 6 84 25164 6 71 25283 6 67

rms deviation from ideal geometry
Bond lengths, Å 0.0084 6 0.0002 0.0089 6 0.0002 0.0084 6 0.0003
Bond angles, degrees 2.25 6 0.04 2.41 6 0.04 2.29 6 0.04

rms deviation to the averaged coordinates, Å
N, Ca, C9 (125–228) 0.65 6 0.10 0.79 6 0.11 0.81 6 0.11
All heavy atoms (125–228) 1.06 6 0.09 1.27 6 0.10 1.26 6 0.13
N, Ca, C9 of regular secondary structures† 0.51 6 0.12 0.60 6 0.12 0.68 6 0.13

*Except for the top two entries, the data characterize the group of 20 conformers that is used to represent the NMR structure; the mean
value and the standard deviation are given.

†Secondary structure elements are formed by residues 128–131 (b-strand 1), 144–154 (a-helix 1), 161–164 (b-strand 2), 173–194 (a-helix
2), and 200–228 (a-helix 3).
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In an attempt to correlate the conformational equilibria
manifested by Fig. 3 a and b with intramolecular rate processes,
we measured the heteronuclear 15N{1H}-NOEs, the longitudinal
relaxation time (T1), and the relaxation time in the rotating
frame (T1r). For hPrP(121–230), these parameters show a uni-
form distribution over most of the amino acid sequence, with
typical values for a globular protein with the size of PrP. Only for
the residues 191–198, which form the C-terminal end of helix 2
and the subsequent loop, slightly decreased 15N{1H}-NOEs and
increased T1r values (data not shown) indicate somewhat in-
creased flexibility. Near the disordered loop of residues 167–171
(Fig. 2), the segment 165–168 displays 15N{1H}-NOEs close to
the mean values for the domain whereas for the residues 169–171
the NMR lines of the amide groups were not observed. The
reduced precision of the structure determination of the polypep-
tide segment 167–171 (Fig. 2) thus seems to arise from slow
exchange between two or more polypeptide backbone confor-
mations in the millisecond time-range and concomitant line
broadening, which limited the collection of conformational
constraints.

The 13Ca chemical shifts provide indications for transient
contacts between the f lexibly disordered tail of PrP and the
globular domain (Fig. 3c). The chemical shift differences
between hPrP(23–230) and hPrP(121–230) are small but have
the same sign for seven successive 13Ca atoms in the C-terminal
part of helix 2, i.e., residues 187–193, and for eight successive
residues in the C-terminal part of helix 3, i.e., 219–226. The
observation on helix 2 is in agreement with NMR investiga-
tions of shPrP(29–231) and shPrP(90–231), where differences
in 13Ca chemical shifts were found for the residues 187–193
(16) but were eventually attributed to small pH differences

between the two protein samples (13). In the present study, the
pH-values were carefully monitored, and pH variation can be
excluded as the cause of the shifts in Fig. 3c. Because identical
patterns of 13Ca shifts were obtained at three different protein
concentrations between 0.l and 1 mM (data not shown), we
conclude that the observed variations are attributable to
transient intramolecular interactions of the globular domain
with the f lexible tail. The interaction sites coincide with the
aforementioned disordered ends of the helices 2 and 3, which
appear to be slightly stabilized in the presence of the intact tail.
The implicated increase of helix population amounts to only a
few percent (Fig. 3c), which would not be reliably observable,
either in the amide proton exchange data or the amide
proton–a-proton scalar coupling constants.

Comparison of hPrP, mPrP, and shPrP. As expected from the high
sequence identity between hPrP, mPrP, and shPrP, the three-
dimensional structures of the C-terminal domain are very sim-
ilar. Local differences between the backbone conformations of
the three proteins are manifest in helix 3 and the nearby loop
between the b-strand 2 and helix 2. In mPrP, the helix 3 ends at
residue 219, and, after a ‘‘kink’’ in the segment 219–222, the
chain forms a helix-like turn (11). In contrast, a straight, mostly
regular a-helix is observed in hPrP (Fig. 1a) and shPrP (13). The
helix 3 in hPrP contains a nearly continuous pattern of medium-
range NOE cross peaks daN(i, i 1 3) and dab(i, i 1 3) for the
residues 217–221 (Fig. 4). Only for Tyr218, no medium-range
NOE cross peak was observed. In mPrP(121–231), the corre-
sponding medium-range NOE cross peaks are either absent or
correspond to distances .5 Å, so that the polypeptide chain is
not restricted to form an a-helical secondary structure for the
residues 220–224 (41).

The loop 167–171 has been reported to be well defined in
shPrP(90–231), where complete resonance assignments could be

Fig. 3. (a) Logarithmic plot of the amide proton exchange protection factors
(PF) of residues 121–230 in hPrP(23–230) versus the sequence. Hydrogen–
deuterium exchange was measured at 20°C in 99.9% D2O containing 10 mM
sodium acetate and 0.05% sodium azide at pH 4.5. (b) 13Ca chemical shift
differences, Dd(13Ca), between hPrP(23–230) and the random coil shifts (51). (c)
Dd(13Ca) between hPrP(23–230) and hPrP(121–230) at pH 4.5 (Dd 5 d[hPrP(23–
230)] 2 d[hPrP(121–230)]). The locations of the regular secondary structure
elements are given in a.

Fig. 4. Comparison of helix 3 in hPrP(121–230) and mPrP(121–231), where
the backbone of the polypeptide segment 215–224 is represented as a spline
function drawn through the Ca positions. The figure results from a global
superposition of the two proteins for best fit of the backbone atoms of the
residues 144–154, 175–193, and 200–219, which correspond to the a-helices in
mPrP. The following color code was used: yellow and orange, backbone and
Cb atoms of hPrP(121–230), respectively; cyan and light blue, backbone and Cb

atoms of mPrP(121–231), respectively; green, dab(i, i 1 3) and daN (i, i 1 3) NOE
distance constraints observed in hPrP; magenta, same types of NOE constraints
observed for mPrP (11).
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obtained for this segment (12, 13). For hPrP and mPrP, some
resonance peaks of the loop have not been observed, either at pH
4.5 or at pH 7.0, and, because of the resulting scarcity of
conformational constraints, the structure of this peptide seg-
ment is not precisely defined (Fig. 2).

The aforementioned species variations of the three-
dimensional structure in the region of helix 3 and the loop
167–171 are intriguing because this surface area was previously
suggested to be a binding epitope for a putative protein X, which
would promote the transition from PrPC to PrPSc (19, 20, 22). It
has also been known since the structure determination of
mPrP(121–231) (9) that this surface area of the molecular

structure is formed by two polypeptide segments with high
frequency of species-dependent amino acid exchanges, which are
otherwise well separated in the PrP polypeptide chain (21). To
gain more direct insight into the apparent correlations between
amino acid sequence and local three-dimensional structure in
this part of the molecule, we have started structural studies of a
selection of variant proteins with single amino acid exchanges
relative to wild-type hPrP(121–230).
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